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Abstract
Background: An interaction between genetic susceptibility and environmental factors is thought to be involved in the 
aetiology of type 1 diabetes. The aim of this study was to investigate maternal and neonatal risk factors for type 1 
diabetes in children under 15 years old in Grampian, Scotland.
Methods: A matched case-control study was conducted by record linkage. Cases (n = 361) were children born in 
Aberdeen Maternity Hospital from 1972 to 2002, inclusive, who developed type 1 diabetes, identified from the Scottish 
Study Group for the Care of Diabetes in the Young Register. Controls (n = 1083) were randomly selected from the 
Aberdeen Maternity Neonatal Databank, matched by year of birth. Exposure data were obtained from the Aberdeen 
Maternity Neonatal Databank. Conditional logistic regression was used to evaluate the association between various 
maternal and neonatal factors and the risk of type 1 diabetes.
Results: There was no evidence of statistically significant associations between type 1 diabetes and maternal age, 
maternal body mass index, previous abortions, pre-eclampsia, amniocentesis, maternal deprivation, use of syntocinon, 
mode of delivery, antepartum haemorrhage, baby's sex, gestational age at birth, birth order, birth weight, jaundice, 
phototherapy, breast feeding, admission to neonatal unit and Apgar score (P > 0.05). A significantly decreased risk of 
type 1 diabetes was observed in children whose mothers smoked at the booking appointment compared to those 
whose mothers did not, with an adjusted OR of 0.67, 95% CI (0.46, 0.99).
Conclusions: This case-control study found limited evidence of a reduced risk of the development of type 1 diabetes 
in children whose mothers smoked, compared to children whose mothers did not. No evidence was found of a 
significant association between other maternal and neonatal factors and childhood type 1 diabetes.
Background
It has recently been reported that if present trends con-
tinue, new cases of type 1 diabetes in European children
younger than 5 years will double between 2005 and 2020,
and prevalent cases younger than 15 years will rise by
70% [1]. In Scotland, between 1984 and 2003 the inci-
dence of childhood type 1 diabetes increased by 2.6% per
year, and this rise has been greater in children aged under
5 years [2]. In 2007, there were approximately 27,000 peo-
ple with type 1 diabetes in Scotland, of which about 1,800
were under 15 years of age [3].
An interaction between genetic susceptibility and envi-
ronmental factors is thought to be involved in the aetiol-
o g y  o f  t y p e  1  d i a b e t e s  [ 4 ] .  M a n y  i n v e s t i g a t o r s  h a v e
focussed on the relationship between maternal and neo-
natal factors and the subsequent risk of type 1 diabetes.
However, the evidence on the role of many maternal and
neonatal factors in the development of childhood type 1
diabetes is inconclusive and only one study has presented
data on the Scottish population [5]. Several studies have
reported a significant increased risk of type 1 diabetes
with increasing maternal age [6-8], while others have
reported no association [9,10]. A recently published
meta-analysis[11] reported a weak, but significant,
increase in the risk of type 1 diabetes with increasing
maternal age. Another meta-analysis demonstrated an
increase in the risk of childhood type 1 diabetes after
Caesarean section delivery [12]. A further recent meta-
analysis has reported a relatively small, but significant,
increase in risk in children who are heavier at birth[13].
Some studies have reported a decreased risk with
increasing birth order [6,8], others have found no associa-
tion [9,14].
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The aim of this study was to investigate the relationship
between several maternal and neonatal factors, including
maternal age, and the risk of type 1 diabetes in children
under 15 years in Grampian, Scotland.
Methods
A matched case-control study was carried out, based on
the linkage between two databases, the Scottish Study
Group for the Care of Diabetes in the Young (SSG) Regis-
ter and the Aberdeen Maternity Neonatal Databank
(AMND). The SSG Register started collecting data from
January 1985 on all children diagnosed with diabetes
under 15 years in Scotland [15]. All diabetes centres in
Scotland are requested to report to this register by pro-
viding details of new patients diagnosed with type 1 dia-
betes. The AMND has prospectively recorded
information on all births and pregnancy related events
occurring in Aberdeen city and districts since 1950 [16].
Cases were defined as children diagnosed with type 1
diabetes under 15 years in the Grampian region from
1984 to 2005 inclusive, who were born in Aberdeen
Maternity Hospital (AMH), and were identified by link-
ing the AMND with the SSG Register. The SSG Register
Officer provided data on children diagnosed in the
Grampian region from 1984 to 2005 inclusive, which
included their Community Health Index (CHI) number,
name, sex and date of birth. Using CHI numbers, data
were linked to the hospital patient administration system
to extract hospital unit numbers. Hospital unit numbers
were then used to link to babies on the AMND. Those
records that were not successfully linked were for chil-
dren who were not born at AMH and were therefore inel-
i g i b l e  f o r  t h i s  s t u d y .  A n o n y m i s e d  b i r t h  d a t a  w e r e
extracted for all children with type 1 diabetes linked with
their birth records. Birth data were also extracted for all
other children born during the same years as children
with type 1 diabetes. With the exception of multiple
births, which were excluded because of the difficulties in
distinguishing between the details of the neonates, all
identified cases were included in the study. For each case,
three controls matched on the year of birth were ran-
domly selected from the same population. This study
u s e d  d a t a  c o l l e c t e d  o v e r  3 0  y e a r s ,  d u r i n g  w h i c h  t i m e
there may have been changes in environmental expo-
sures, including pregnancy and childbirth behaviours and
practices or changes in obstetric protocols. There has
also been an increase in the incidence of type 1 diabetes
over this time[1]. For this reason, the controls were
matched on the year of birth to take account of confound-
ing by factors that may have changed over the period of
study.
Information relating to the following variables were
collected from the AMND: maternal type 1 diabetes,
maternal and paternal age, maternal body mass index
(BMI) and maternal smoking (recorded at the first book-
ing appointment by approximately 16 weeks gestation),
previous abortions, pre-eclampsia, amniocentesis, mater-
nal viral infection, maternal bacterial disease, maternal
deprivation (Carstairs and Morris [17]), syntocinon,
mode of delivery, antepartum haemorrhage (APH), Rhe-
sus and ABO immunisation, baby's sex, gestational age at
birth, birth order, birth weight, jaundice, phototherapy,
breast feeding (recorded at discharge), admission to neo-
natal unit and Apgar score.
Although the intention was to include all identified
cases in the study, an a priori power calculation was per-
f o r m e d  f o r  m a t e r n a l  a g e  ( t h e  m a i n  f a c t o r  o f  i n t e r e s t )
based on an assumption that 10% of children without
type 1 diabetes would have mothers who were 35 years or
older at the time of their child's birth [18]. To have 90%
power to detect a 10% difference in the proportions of
children with older mothers, with a 5% two-sided signifi-
cance level, assuming a proportion of discordant pairs of
15%, would require 90 cases and 270 controls [19]. If 25%
of pairs were discordant, then 166 cases and 498 controls
would be required to detect the same sized difference.
Unadjusted and adjusted odds ratios and their 95% con-
fidence intervals were estimated using conditional logis-
tic regression to evaluate associations between individual
exposures and the risk of type 1 diabetes. Variables found
to be significantly associated with type 1 diabetes in the
univariate analyses were investigated further, by building
multivariate models including possible confounding fac-
tors identified in the literature. Tests for interactions were
performed to compare the risk factors for early (< 5 years)
and later onset (5-14 years) type 1 diabetes, with the con-
trols adopting the age of diagnosis of their matched case.
Continuous variables were grouped into categories for
analysis. For variables with more than 10% missing val-
ues, an additional category for missing data was created.
For other variables, missing values were excluded from
the calculations. To confirm that no artificial group
boundaries were generated by categorising the continu-
ous variables, the above analyses were repeated retaining
the continuous nature of the relevant variables. A P-value
of < 0.05 was regarded as statistically significant. Statisti-
cal analyses were performed with SPSS (SPSS 15.0 for
Windows, SPSS Inc., Chicago, Illinois, USA) and SAS
(SAS for Windows, Release 9.1 SAS Institute Inc., Cary,
NC, USA).
Ethical approval was granted by the North of Scotland
Research Ethics Committee for all observational studies
using routinely collected anonymised data from the
AMND, provided permission was granted by the Steering
Committee (Caldicott guardians) of the AMND. A
request for access to data was approved by the Steering
Committee on 5 March 2007.Robertson and Harrild BMC Public Health 2010, 10:281
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Results
There were 611 children diagnosed with type 1 diabetes
in Grampian between 1984 and 2005. Fifteen children
were born outside the period 1972 to 2002 and were
excluded from the analysis. After further excluding chil-
dren born outwith AMH (n = 226) and multiple births (n
= 9), there were 361 children diagnosed with type 1 dia-
betes born between 1972 and 2002, inclusive. There were
139,480 singleton live births at AMH between 1972 and
2002, from which three randomly selected controls for
each case, matched by the year of birth, were selected. A
total of 361 children with type 1 diabetes and 1083 con-
trols were included in this study.
The mothers of two cases and no controls had type 1
diabetes recorded during pregnancy. Paternal date of
birth was not recorded for any participants. Unspecified
viral infection was noted in only two control mothers and
there were no recorded diagnoses of other bacterial dis-
ease. Rhesus immunisation was noted in only three con-
trol mothers and ABO immunisation in only one control
mother. It was therefore not possible to explore these
variables in more detail. Deprivation category, gestational
age at delivery, birth weight and Apgar score at 1 and 5
minutes had less than 10% missing data, which were
excluded from the analysis. An additional category was
created for missing values for maternal BMI, maternal
smoking, syntocinon, phototherapy, feeding at discharge
and admission to neonatal unit, as they had a higher pro-
portion of missing data.
The results of the conditional logistic regression analy-
ses are shown in Tables 1 and 2. There was no significant
association between maternal age at delivery and the risk
of type 1 diabetes in the child (P = 0.87). Compared to a
maternal age of 25 to 29 years at delivery, maternal age
younger than 25 years had an OR of 1.00, 95% CI (0.75,
1.34), maternal age 30 to 34 years an OR of 1.12, 95% CI
(0.81, 1.54) and maternal age of 35 and older an OR of
1.13, 95% CI (0.71, 1.79). A test for trend did not find an
association between increasing maternal age and the risk
of type 1 diabetes in the child (P = 0.48). After adjusting
for amniocentesis, gestation at birth, birth weight, breast
feeding, maternal deprivation, pre-eclampsia, birth order,
mode of delivery and maternal smoking, there remained
no significant association between maternal age and risk
of type 1 diabetes (P = 0.82).
A significantly decreased risk of type 1 diabetes was
observed in children whose mothers smoked at booking
appointment compared to those whose mothers did not,
with an OR of 0.61, 95% CI (0.43, 0.86). After adjusting
for maternal age, birth weight, breast feeding, maternal
deprivation, pre-eclampsia, gestational age and mode of
delivery, the overall association between maternal smok-
ing and type 1 diabetes was no longer significant (P =
0.14). However, one of the adjusted ORs from this analy-
sis suggested a reduced risk in children whose mothers
smoked, compared to children whose mothers did not
smoke (adjusted OR of 0.67, 95% CI (0.46, 0.99)). To
investigate this possible association further, a sensitivity
analysis was performed firstly by excluding all those with
an unknown maternal smoking status, then by assuming
that all unknowns smoked, and finally by assuming that
all unknowns did not smoke. This sensitivity analysis pro-
duced similar adjusted ORs and 95% CIs, with adjusted P
= 0.10, P = 0.05, and P = 0.10, respectively.
There was no evidence of statistically significant associ-
ations between type 1 diabetes in the child and any of the
other risk factors studied: maternal BMI, previous abor-
tions, pre-eclampsia, amniocentesis, maternal depriva-
tion, syntocinon, mode of delivery, APH, baby's sex,
gestational age at birth, birth order, birth weight, jaun-
dice, phototherapy, breast feeding, admission to neonatal
unit and Apgar score (P > 0.05).
There were 86 children diagnosed with type 1 diabetes
under 5 years of age (early onset) and 275 diagnosed
between 5 and 14 years of age (later onset). There was a
significant interaction between age of diagnosis and
whether the mother had previous abortions (P = 0.03).
The mothers of cases diagnosed before age 5 were more
likely to have had previous abortions than the mothers of
their controls (27% versus 20%), while the mothers of
cases diagnosed later were less likely to have had previous
abortions than the mothers of their controls (11% versus
15%). None of the other risk factors studied showed sig-
nificant interactions with age of diagnosis (P > 0.05; data
available upon request).
Retaining the continuous nature of maternal age,
maternal BMI, birth weight and gestational age at book-
ing appointment and at birth produced similar results to
the above analysis (data available upon request).
Discussion
This study found some evidence of a reduced risk of chil-
dren developing type 1 diabetes under 15 years of age if
their mothers smoked, compared to children whose
mothers did not smoke, with an adjusted OR of 0.67, 95%
CI (0.46, 0.99). However, this should be interpreted cau-
tiously as smoking status was self-reported and there was
a large amount of missing data (20%). After adjusting for
possible confounders, this study found no evidence that
other maternal and neonatal factors studied had a signifi-
cant association with the subsequent development of
type 1 diabetes under 15 years of age.
A major strength of this study was the source of the
participants and data. The two data sources have been
shown to be complete and valid [15,20]. In contrast with
most retrospective studies, all pregnancy events were
recorded by AMND staff at the time of the event, without
any possibility of being influenced by knowing if childrenRobertson and Harrild BMC Public Health 2010, 10:281
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Table 1: Unadjusted and adjusted odds ratios for maternal risk factors and childhood type 1 diabetes





OR 95% CI P-value OR 95% CI P-value
n (%) n (%)
Maternal age (years) 0.87 0.82
< 25 114 (31.6) 354 (32.7) 1.00 0.75, 1.34 1.09 0.78, 1.51
25-29 (reference category) 126 (34.9) 391 (36.1) 1.00 1.00
30-34 91 (25.2) 255 (23.5) 1.12 0.81, 1.54 1.05 0.74, 1.48
≥ 35 30 (8.3) 83 (7.7) 1.13 0.71, 1.79 1.27 0.76, 2.13
Maternal BMI (kg/m2 ) 0.14 0.55
< 25 (reference category) 167 (46.3) 547 (50.5) 1.00 1.00
≥ 25 102 (28.3) 300 (27.7) 1.11 0.84, 1.47 1.14 0.85, 1.52
Unknown 92 (25.5) 236 (21.8) 1.45 1.01, 2.10 1.26 0.75, 2.13
Previous abortions 0.38
No (reference category) 309 (85.6) 906 (83.7)
Yes 52 (14.4) 177 (16.3) 0.86 0.61, 1.20
Maternal smoking 0.02‡ 0.14
No (reference category) 201 (55.7) 537 (49.6) 1.00 1.00
Yes 84 (23.3) 330 (30.5) 0.61 0.43, 0.86 0.67 0.46, 0.99
Unknown 76 (21.1) 216 (19.9) 0.74 0.45, 1.22 0.71 0.41, 1.26
Pre-eclampsia 0.40
No (reference category) 347 (96.1) 1029 (95.0) 1.00
Yes 14 (3.9) 54 (5.0) 0.77 0.43, 1.40
Amniocentesis 0.34
No (reference category) 352 (97.5) 1045 (96.5) 1.00
Yes 9 (2.5) 38 (3.5) 0.70 0.33, 1.47
Maternal deprivation category‡ 0.98 0.92, 1.04 0.51
1 (least deprived) 102 (28.3) 320 (29.5)
2 68 (18.8) 193 (17.8)
3 50 (13.9) 112 (10.3)
4 27 (7.5) 100 (9.2)
5 23 (6.4) 94 (8.7)
6 16 (4.4) 57 (5.3)
7 (most deprived) 40 (11.1) 121 (11.2)
Unknown 35 (9.7) 86 (7.9)
Syntocinon† 0.32
No (reference category) 168 (46.5) 478 (44.1) 1.00
Yes 129 (35.7) 392 (36.2) 0.85 0.63, 1.17
Unknown 64 (17.7) 213 (19.7) 0.67 0.40, 1.13
Mode of delivery 0.54
SVD (reference category) 241 (66.8) 753 (69.5) 1.00
Assisted 67 (18.6) 187 (17.3) 1.12 0.82, 1.54
Elective CS 24 (6.6) 53 (4.9) 1.42 0.86, 2.35Robertson and Harrild BMC Public Health 2010, 10:281
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Emergency CS 29 (8.0) 90 (8.3) 1.01 0.65, 1.58
APH 0.79
No (reference category) 327 (90.6) 986 (91.0) 1.00
Yes 34 (9.4) 97 (9.0) 1.06 0.70, 1.60
Rhesus isoimmunisation
No (reference category) 361 (100.0) 1080 (99.7)
Yes 0 (0.0) 3 (0.3)
ABO isoimmunisation
No (reference category) 361 (100.0) 1082 (99.9)
Yes 0 (0.0) 1 (0.1)
T1D, type 1 diabetes; OR, odds ratio; CI, confidence interval; BMI, body mass index; SVD, spontaneous vaginal delivery; CS, Caesarean section; APH, 
antepartum haemorrhage; kg, kilograms; m, metres. *Maternal age adjusted for amniocentesis, gestational age, birth weight, breast feeding, 
maternal deprivation, pre-eclampsia, birth order, mode of delivery and maternal smoking; BMI adjusted for gestation at the booking 
appointment; maternal smoking adjusted for maternal age, birth weight, breast feeding, maternal deprivation, pre-eclampsia, gestational age 
and mode of delivery. † Data on syntocinon collected from 1986 by AMND. ‡ P < 0.05. ‡ Risk of type 1 diabetes per unit increase in maternal 
deprivation.
Table 1: Unadjusted and adjusted odds ratios for maternal risk factors and childhood type 1 diabetes (Continued)
went on to develop type 1 diabetes. In addition, the study
d i d  n o t  r e l y  o n  m o t h e r s '  m e m o ry  o f  p a s t  ev e n t s,  t h u s
eliminating any potential for recall bias. The controls
were selected from the same population as the cases and
the exposure data for cases and controls were collected
from the same source. A further strength was the large
range of maternal and neonatal factors recorded, which
allowed for appropriate investigation of confounding and
adjustment of the analyses. Over the period of the study,
there have been changes both in the incidence of type 1
diabetes and in environmental exposures. To minimise
the potential confounding effect of factors that changed
over time, cases and controls were individually matched
on the year of birth.
The study, however, has several limitations. The size of
the study could mean we had limited power to detect the
small effects currently being described in meta-analyses
of perinatal risk factors [11-13]. It was not possible to rule
out the effect of other potential confounders, such as
paternal age, family history of diabetes and unknown
confounders, which were not recorded in the AMND. A
further limitation was that three of the variables (syntoci-
non, phototherapy and admission to neonatal unit) were
not recorded throughout the entire study period and sev-
eral of the variables had missing values, which could bias
the results.
In addition, the AMND does not collect information on
home births or on births in rural maternity units, unless
they are subsequently transferred to AMH due to compli-
cations. Of the 241 excluded cases, 15 (6%) were born
outside 1972 to 2002. No information was available about
whether the remaining excluded cases were home deliv-
ered, delivered in another Grampian hospital or inward
migrants who were born outside Aberdeen. However,
there were relatively few home births in Aberdeen and
Aberdeenshire, about 7 per 1,000 births, in 1998 [21]. The
proportion of live births in Grampian recorded in other
maternity units in 2005 was 22%[22].
It is possible that some children selected as controls will
have migrated out of the Grampian area and subse-
quently been diagnosed with type 1 diabetes. If migration
rates were related to the risk factors studied, this may lead
to bias. However, there is evidence of geographic stability
among Aberdonians [23]. Children diagnosed with type 1
diabetes before the SSG register was started in 1984
would not have been identified and may have been
selected as a control. In addition, controls born after 1990
and not identified as having type 1 diabetes up to the end
of 2005 may subsequently develop type 1 diabetes by the
age of 15 years. However, misclassification as a result of
the above scenarios would probably only equate to a few
additional cases.
Univariate analysis revealed a significant decreased risk
in children whose mothers smoked during early preg-
nancy compared to those who did not, with limited evi-
dence supporting this hypothesis after adjusting for
potential confounders. The finding of a protective effect
of smoking is consistent with three other case-control
studies [24-26]. However, one of these studies did not
adjust for social class [24] and the other two studies were
based on questionnaire data [25,26]. The majority of
studies have not observed a significant association
between maternal smoking and risk of type 1 diabetes,
including two cohort studies from the UK [9,10]. How-
ever, self-reported data on maternal smoking status were
collected at the mother's booking appointment, which
may be unreliable and it is unknown how many mothers
continued to smoke during their pregnancy or the num-Robertson and Harrild BMC Public Health 2010, 10:281
http://www.biomedcentral.com/1471-2458/10/281
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Table 2: Unadjusted and adjusted odds ratios for neonatal risk factors for childhood type 1 diabetes
Neonatal factor T1D Cases Controls Unadjusted Adjusted*
n = 361 n = 1083 OR 95% CI P-value OR 95% CI P-value
n (%) n (%)
Sex of baby 1.00
Male (reference category) 188 (52.1) 564 (52.1) 1.00
Female 173 (47.9) 519 (47.9) 1.00 0.79, 1.27
Gestational age (weeks) 0.41
< 37 24 (6.6) 59 (5.4) 1.23 0.75, 2.02
≥ 37 (reference category) 336 (93.1) 1023 (94.5) 1.00
Unknown 1 (0.3) 1 (0.1)
Birth Order 0.84
1 (reference category) 181 (50.1) 525 (48.5) 1.00
2 117 (32.4) 357 (33.0) 0.95 0.74, 1.24
≥ 3 63 (17.5) 201 (18.6) 0.91 0.65, 1.27
Birth weight (kg) 0.50 0.22
<2.5 17 (4.7) 61 (5.6) 0.82 0.47, 1.44 0.66 0.34, 1.28
≥ 2.5 (reference category) 344 (95.3) 1021 (94.3) 1.00 1.00
Unknown 0 (0.0) 1 (0.1)
Jaundice 0.75
No (reference category) 338 (93.6) 1018 (94.0) 1.00
Yes 23 (6.4) 65 (6.0) 1.10 0.60, 2.04
Phototherapy† 0.42
No (reference category) 41 (11.4) 101 (9.3) 1.00
Yes 9 (2.5) 30 (2.8) 0.72 0.31, 1.68
Unknown 311 (86.1) 952 (87.9) 0.74 0.46, 1.18
Breast feeding 0.66 0.26
No (reference category) 23 (6.4) 80 (7.4) 1.00
Yes 32 (8.9) 90 (8.3) 1.27 0.67, 2.42 1.62 0.77, 3.44
Unknown or mixed feeding‡ 306 (84.8) 913 (84.3) 1.49 0.56, 3.92 2.24 0.78, 6.43
Admitted to neonatal unit† 0.27
No (reference category) 90 (24.9) 276 (25.5) 1.00
Yes 12 (3.3) 38 (3.5) 0.98 0.48, 2.00
Unknown 259 (71.7) 769 (71.0) 3.47 0.76, 15.91
Apgar score at 1 min 0.39
1 to 7 89 (24.7) 245 (22.6) 1.13 0.85, 1.49
8 to 10 (reference category) 271 (75.1) 836 (77.2) 1.00
Unknown 1 (0.3) 2 (0.2)
Apgar score at 5 min 0.45
1 to 7 14 (3.9) 33 (3.0) 1.28 0.68, 2.40
8 to 10 (reference category) 346 (95.8) 1049 (96.9) 1.00
Unknown 1 (0.3) 1 (0.1)
T1D, type 1 diabetes; OR, odds ratio; CI, confidence interval; kg, kilograms. *Birth weight adjusted for gestation; breast feeding adjusted for 
deprivation. †Data on phototherapy and admission to neonatal unit recorded from 1992 by AMND. ‡This category includes one case and 3 
controls who were breast and formula fed.Robertson and Harrild BMC Public Health 2010, 10:281
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ber of cigarettes smoked per day. In addition, it was not
possible to adjust for paternal smoking, which has been
found to be significantly associated in one study [10].
Also, given the number of statistical tests performed, this
significant result could be due to chance and a Type 1
error may not be ruled out.
No association was found between maternal age at
birth and the risk of type 1 diabetes in the child, after
adjusting for possible confounders. This finding is consis-
tent with some studies [9,10]. However, an increased risk
in children born to older mothers has recently been
reported [11]. The pooled analysis of 30 observational
studies demonstrated that there was, on average, a 5%
(95% CI 2, 9) increase in childhood type 1 diabetes odds
per 5-year increase in maternal age (p = 0.006) [11]. Our
study may not have had sufficient power to detect such a
small effect. In addition, we were unable to rule out the
effect of other possible confounders such as paternal age
and maternal diabetes.
The findings of this study could not confirm the
increased risk found in a meta-analysis, which reported a
small, but significant, adjusted OR of 1.23, 95% CI (1.15,
1.32, P < 0.001) for Caesarean delivery [12]. Again, a lack
of power could explain this difference in findings.
No association was found between birth weight and
risk of type 1 diabetes, which is in agreement with some
case-control studies [5,14,27,28]. However, a recent
meta-analysis concluded that children who are heavier at
birth have a significant and consistent, but relatively
small increase in risk of type 1 diabetes. The authors
reported that children with birth weight from 3.5 to 4 kg
had an increased risk of diabetes of 6% (OR 1.06, 95% CI
(1.01, 1.11); p = 0.02) and children with birth weight over
4 kg had an increased risk of 10% (OR 1.10, 95% CI (1.04,
1.19); p = 0.003), compared with children weighing 3.0 to
3.5 kg at birth [13].
The protective effect of breast feeding reported by sys-
tematic reviews [29-31] was not confirmed in this study.
However, data on infant feeding were collected at the
mothers' discharge from hospital, and it is unknown how
many mothers continued to breast feed after this time.
The finding of this study is, however, similar to that
reported by other UK studies [9,14,32].
There was no evidence of an association between
maternal BMI and the risk of type 1 diabetes in the child,
consistent with previous studies [14,24,33,34] with the
exception of one [35], which observed an increased risk
with excessive weight gain during pregnancy. The ideal
time to record the BMI of a pregnant woman is before she
has started gaining weight due to gestation. In this study,
BMI was recorded at the first booking appointment (by
16 weeks gestation), before any real impact of gestational
weight gain; however, values recorded remain an approxi-
mation of the pre-pregnancy weight. Also, not all women
had their booking appointment by 16 weeks gestation. To
adjust for this, gestation at booking appointment was
included in the conditional logistic regression model
when deriving adjusted ORs for BMI. It was not possible
to investigate weight gain during pregnancy in this study.
A significant interaction was found between age of
diagnosis and whether the mother had previous abor-
tions. There were no other differences in risk factors
between early and later onset type 1 diabetes, which is
consistent with some studies [6,14,35]. However, two
studies have observed that a first pregnancy was a more
important risk factor for early than for later onset type 1
diabetes [5,8]. Dahlquist and colleagues [36] reported
that for onset before 10 years of age, there was a signifi-
cant association with birth weight, while cases with onset
at the age of 10-29 showed no significant trend.
Conclusions
This study found limited evidence of a reduced risk of
developing type 1 diabetes under the age of 15 years in
children whose mothers smoked, compared to those
whose mothers did not. No evidence was found of a sig-
nificant association between a range of other maternal
and neonatal factors and the subsequent development of
childhood type 1 diabetes. Systematic reviews and meta-
analyses have been conducted on maternal age [11], Cae-
sarean section [12], birth weight [13]and infant nutrition
[29-31] and the risk of childhood type 1 diabetes. Further
studies would be useful in synthesising the available evi-
dence for other maternal and neonatal factors.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
LR supervised the data collection, carried out the majority of the data analysis
and drafted the manuscript. KH performed the sample size calculation, carried
out the matching of cases to controls, and performed some of the data analy-
sis. Both authors participated in the study design and coordination, contrib-
uted to the interpretation and approved the final manuscript.
Acknowledgements
The authors gratefully acknowledge the Aberdeen Maternity Neonatal Data-
bank and the Scottish Study Group for the Care of Diabetes in the Young Regis-
ter for access to data, and to Aileen McKillop-Smith, Linda Murdoch and Val 
Angus for data management support. We also acknowledge and thank Profes-
sor Norman Waugh, Dr Pam Royle, Dr Christopher Patterson and Dr Sarah Wild 
for their support.
Author Details
1NHS Grampian, Summerfield House, 2 Eday Road, Aberdeen, AB15 6RE, UK 
and 2University of Aberdeen, Medical Statistics Team, Section of Population 
Health, Polwarth Building, Foresterhill, Aberdeen, AB25 2ZD, UK
References
1. Patterson CC, Dahlquist GG, Gyürüs E, Green A, Soltész G, EURODIAB Study 
Group: Incidence trends for childhood type 1 diabetes in Europe 
Received: 31 December 2009 Accepted: 27 May 2010 
Published: 27 May 2010
This article is available from: http://www.biomedcentral.com/1471-2458/10/281 © 2010 Robertson and Harrild; licensee BioMed Central Ltd.  This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. BMC Public Health 2010, 10:281Robertson and Harrild BMC Public Health 2010, 10:281
http://www.biomedcentral.com/1471-2458/10/281
Page 8 of 8
during 1989-2003 and predicted new cases 2005-20: a multicentre 
prospective registration study.  Lancet 2009, 373:2027-2033.
2. Royle P, Robertson A, Patterson C, Waugh N: The incidence of childhood 
diabetes in Scotland.  Przeglad lekarski: organ Towarzystwa Lekarskiego 
Krakowskiego 2006, 63(Suppl 4):47.
3. Scottish Diabetes Survey Monitoring Group, Scottish Executive Health 
Department: Scottish Diabetes Survey 2007.  2008.
4. Atkinson MA, Eisenbarth GS: Type 1 diabetes: new perspectives on 
disease pathogenesis and treatment.  Lancet 2001, 358:221-229.
5. Patterson CC, Carson DJ, Hadden DR, Waugh NR, Cole SK: A case-control 
investigation of perinatal risk factors for childhood IDDM in Northern 
Ireland and Scotland.  Diabetes Care 1994, 17:376-381.
6. Haynes A, Bower C, Bulsara MK, Finn J, Jones TW, Davis EA: Perinatal risk 
factors for childhood Type 1 diabetes in Western Australia - A 
population-based study (1980-2002).  Diabetic Medicine 2007, 
24:564-570.
7. Stene LC, Magnus P, Lie RT, Sovik O, Joner G: Maternal and paternal age 
at delivery, birth order, and risk of childhood onset type 1 diabetes: 
population based cohort study.  BMJ 2001, 323:369.
8. Cardwell CR, Carson DJ, Patterson CC: Parental age at delivery, birth 
order, birth weight and gestational age are associated with the risk of 
childhood Type 1 diabetes: a UK regional retrospective cohort study.  
Diabetic Medicine 2005, 22:200-206.
9. Ievins R, Roberts SE, Goldacre MJ: Perinatal factors associated with 
subsequent diabetes mellitus in the child: Record linkage study.  
Diabetic Medicine 2007, 24:664-670.
10. Toschke AM, Ehlin A, Koletzko B, Montgomery SM: Paternal smoking is 
associated with a decreased prevalence of type 1 diabetes mellitus 
among offspring in two national British birth cohort studies (NCDS and 
BCS70).  Journal of Perinatal Medicine 2007, 35:43-47.
11. Cardwell CR, Stene LC, Joner G, Bulsara MK, Cinek O, Rosenbauer J, 
Ludvigsson J, Jane M, Svensson J, Goldacre MJ, Waldhoer T, Jarosz-Chobot 
P, Gimeno SGA, Chuang L-M, Parslow RC, Wadsworth EJK, Chetwynd A, 
Pozzilli P, Brigis G, Urbonaité B, Šipeti( S, Schober E, Devoti G, Ionescu-
Tirgoviste C, de Beaufort CE, Stoyanov D, Buschard K, Patterson CC: 
Maternal age at birth and childhood type 1 diabetes: a pooled analysis 
of 30 observational studies.  Diabetes 2010, 59:486-494.
12. Cardwell CR, Stene LC, Joner G, Cinek O, Svensson J, Goldacre MJ, Parslow 
RC, Pozzilli P, Brigis G, Stoyanov D, Urbonaité B, Šipeti( S, Schober E, 
Ionescu-Tirgoviste C, Devoti G, de Beaufort CE, Buschard K, Patterson CC: 
Caesarean section is associated with an increased risk of childhood-
onset type 1 diabetes mellitus: a meta-analysis of observational 
studies.  Diabetologia 2008, 51:726-735.
13. Cardwell CR, Stene LC, Joner G, Davis EA, Cinek O, Rosenbauer J, 
Ludvigsson J, Castell C, Svensson J, Goldacre MJ, Waldhoer T, Polanska J, 
Gimeno SGA, Chuang L-M, Parslow RC, Wadsworth EJK, Chetwynd A, 
Pozzilli P, Brigis G, Urbonait8 B, Šipeti( S, Schober E, Ionescu-Tirgoviste C, 
de Beaufort CE, Stoyanov D, Buschard K, Patterson CC: Birthweight and 
the risk of childhood-onset type 1 diabetes: a meta-analysis of 
observational studies using individual patient data.  Diabetologia 2010, 
53:641-651.
14. Jones ME, Swerdlow AJ, Gill LE, Goldacre MJ: Pre-natal and early life risk 
factors for childhood onset diabetes mellitus: a record linkage study.  
International Journal of Epidemiology 1998, 27:444-449.
15. Rangasami JJ, Greenwood DC, McSporran B, Smail PJ, Patterson CC, 
Waugh NR: Rising incidence of type 1 diabetes in Scottish children, 
1984-93. The Scottish Study Group for the Care of Young Diabetics.  
Archives of Disease in Childhood 1997, 77:210-213.
16. Aberdeen Maternity Neonatal Databank   [http://www.abdn.ac.uk/
amnd/]
17. Information Services Division Scotland: Deprivation.   [http://
www.isdscotland.org/isd/3207.html].
18. Information Services Division Scotland: Births and babies: Maternal age.   
[http://www.isdscotland.org/isd/1436.html].
19. Machin D, Campbell MJ, Fayers PM, Pinol APY: Sample size tables for 
clinical studies.  Oxford: Blackwell Science; 1997. 
20. Bhattacharya S, Campbell DM, Liston WA, Bhattacharya S: Effect of Body 
Mass Index on pregnancy outcomes in nulliparous women delivering 
singleton babies.  BMC Public Health 2007, 7:168.
21. Scottish Executive: A Framework for Maternity Services in Scotland. 
Edinburgh 2001.
22. Information Services Division Scotland: Births and babies: Tables and 
charts.   [http://www.isdscotland.org/isd/1022.html].
23. Batty GD, Morton SM, Campbell D, Clark H, Smith GD, Hall M, Macintyre S, 
Leon DA: The Aberdeen Children of the 1950s cohort study: 
background, methods and follow-up information on a new resource 
for the study of life course and intergenerational influences on health.  
Paediatric and Perinatal Epidemiology 2004, 18:221-239.
24. Dahlquist G, Kallen B: Maternal-child blood group incompatibility and 
other perinatal events increase the risk for early-onset type 1 (insulin-
dependent) diabetes mellitus.  Diabetologia 1992, 35:671-675.
25. Marshall AL, Chetwynd A, Morris JA, Placzek M, Smith C, Olabi A, 
Thistlethwaite D: Type 1 diabetes mellitus in childhood: a matched case 
control study in Lancashire and Cumbria, UK.  Diabetic Medicine 2004, 
21:1035-1040.
26. Svensson J, Carstensen B, Mortensen HB, Borch-Johnsen K, Danish Study 
Group of Childhood Diabetes: Early childhood risk factors associated 
with type 1 diabetes--is gender important?  European Journal of 
Epidemiology 2005, 20:429-434.
27. Bache I, Bock T, Volund A, Buschard K: Previous maternal abortion, 
longer gestation, and younger maternal age decrease the risk of type 1 
diabetes among male offspring.  Diabetes Care 1999, 22:1063-1065.
28. Bock T, Pedersen CR, Volund A, Pallesen CS, Buschard K: Perinatal 
determinants among children who later develop IDDM.  Diabetes Care 
1994, 17:1154-1157.
29. Gerstein HC: Cow's milk exposure and type I diabetes mellitus. A critical 
overview of the clinical literature.  Diabetes Care 1994, 17:13-19.
30. Ip S, Chung M, Raman G, Chew P, Magula N, DeVine D, Trikalinos T, Lau J: 
Breastfeeding and maternal and infant health outcomes in developed 
countries.  Evidence Report/Technology Assessment 2007, 153:.
31. Norris JM, Scott FW: A meta-analysis of infant diet and insulin-
dependent diabetes mellitus: do biases play a role?  Epidemiology 1996, 
7:87-92.
32. McKinney PA, Parslow R, Gurney KA, Law GR, Bodansky HJ, Williams R: 
Perinatal and neonatal determinants of childhood type 1 diabetes. A 
case-control study in Yorkshire, U.K.  Diabetes Care 1999, 22:928-932.
33. Sipetic S, Vlajinac H, Kocev N, Saji S: The Belgrade childhood diabetes 
study: prenatal and social associations for type 1 diabetes.  Paediatric 
and Perinatal Epidemiology 2004, 18:33-39.
34. Vlajinac H, Sipetic S, Marinkovic J, Bjekic M, Kocev N, Sajic S: The Belgrade 
childhood diabetes study - Comparison of children with Type 1 
diabetes with their siblings.  Paediatric and Perinatal Epidemiology 2006, 
20:243.
35. McKinney PA, Parslow R, Gurney K, Law G, Bodansky HJ, Williams DR: 
Antenatal risk factors for childhood diabetes mellitus; a case-control 
study of medical record data in Yorkshire, UK.  Diabetologia 1997, 
40:933-939.
36. Dahlquist GG, Pundziute-Lycka A, Nystrom L, Swedish Childhood Diabetes 
Study Group, Diabetes Incidence Study in Sweden (DISS) Group: 
Birthweight and risk of type 1 diabetes in children and young adults: a 
population-based register study.  Diabetologia 2005, 48:1114-1117.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/10/281/prepub
doi: 10.1186/1471-2458-10-281
Cite this article as: Robertson and Harrild, Maternal and neonatal risk factors 
for childhood type 1 diabetes: a matched case-control study BMC Public 
Health 2010, 10:281